WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



mm 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
H04B 1/16 



Al 



(11) International Publication Number: WO 94/27376 

(43) International Publication Date: 24 November 1994 (24.1 1.94) 



(21) International Application Number: PCT/US94/04363 

(22) International Filing Date: 20 April 1994 (20.04.94) 



(30) Priority Data: 

08/057,601 



6 May 1993 (06.05.93) 



US 



(71) Applicant: MOTOROLA INC. [US/US]; 1303 East Algonquin 

Road, Schaumburg, IL 60196 (US). 

(72) Inventors: AGAHI-KESHEH, Darioush; 1922 Armwood Lane, 

Mundelein, IL 60060 (US). RABE, Duane, Carl; 6 
Arrowood, Hawthorn Woods, IL 60047 (US). 

(74) Agents: PARMELEE, Steven, G. et al.; Motorola Inc., In- 
tellectual Property DeptJDWJ, 1303 East Algonquin Road, 
Schaumburg, IL 60196 (US). 



(81) Designated States: BR, CA, GB, JP, SE. 

Published 

With international search report. 



(54) Title: TUNABLE FILTER CIRCUIT AND METHOD THEREFOR 




(57) Abstract - 

A tunable filter circuit (340) has a ceramic block forming a portion thereof. Transmission lines (352\ 372', 392\ 412') are formed of 
resonating cavities which extend through the ceramic blo ck, an d variable capacitors (364, 384, 404, 424) capacirively load the transmission 
Hnes (352\ 372\ 392', 412 1 ). By varying the capacitance of the variable capacitors (364, 384, 404, 424), the filter characteristics of the 
filter circuit comprised of the ceramic block and the variable capacitors is varied. The tunable filter circuit (340) may, for example, comprise 
a portion of a cellular radiotelephone operative in a TDMA communication scheme. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


W 


Hungary 


NO 


Norway 


BG 


Bulgaria 


m 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JF 


Japan 


FT 


Portugal 


BY 


Belarus 


KB 


Kenya 


RO 


Romania 


CA 


CafUMto 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CB 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


a 


Cdtefflvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 




LI 




SN 


Senega] 


CN 


China 


IK 


Sri Lanka 


TD 


Chad 


CS 


Czecnoalovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


OA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


n 




ML 


Man 


UZ 


Uzbekistan 


FR 


Ranee 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 94/27376 



PCT/US94/04363 



TUNABLE FILTER CIRCUIT AND METHOD THEREFOR 



BacHgrpynd of the Invention 

5 

The present invention relates generally to filter circuitry and, 
more particularly, to a tunable filter circuit for a transceiver operable 
alternately to transmit or to receive modulated signals. 

A communication system is comprised, at a minimum, of a 

1 0 transmitter and a receiver interconnected by a communication 

channel. A communication signal is transmitted by the transmitter 
upon the transmission channel to be received by the receiver. A radio 
communication system is a communication system in which the 
transmission channel comprises a radio frequency channel defined 

15 by a range of frequencies of the electromagnetic frequency spectrum. 
A transmitter operative in a radio communication system must 
convert the communication signal into a form suitable for 
transmission upon the radio-frequency channel. 

Conversion of the communication signal into a form suitable 

20 for transmission upon the radio-frequency channel is effectuated by a 
process referred to as modulation. In such a process, the 
communication signal is impressed upon an electromagnetic wave. 
The electromagnetic wave is commonly referred to as a "carrier 
signal." The resultant signal, once modulated by the communication 

25 signal, is commonly referred to as a modulated carrier signal or, 

more simply, a modulated signal. The transmitter includes circuitry 
operative to perform such a modulation process. 

Because the modulated carrier signal may be transmitted 
through free space over large distances, radio communication 

30 systems are widely utilized to effectuate communication between a 
transmitter and a remotely-positioned receiver. 

The receiver of the radio communication system which 
receives the modulated carrier signal contains circuitry analogous 
to, but operative in a manner reverse with that of, the circuitry of the 
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transmitter and is operative to perform a process referred to as 
demodulation. 

Numerous modulated carrier signals may be simultaneously 
transmitted upon differing radio frequency channels of the 
5 electromagnetic frequency spectrum. Regulatory bodies have divided 
portions of the electromagnetic frequency spectrum into frequency 
bands, and have regulated transmission of the modulated carrier 
signals upon various ones of the frequency bands. (Frequency bands 
are further divided into channels, and such channels form the radio- 

10 frequency channels of a radio communication system. Such 
channels shall, at times, be referred to hereinbelow by the term 
conventionally-defined frequency channels.) 

A two-way radio communication system is a radio 
communication system, similar to the radio communication system 

1 5 above-described, but which permits both transmission and reception 
of a modulated carrier signal from a location and reception at such 
location of a modulated carrier signal. Each location of such a two- 
way radio communication system contains both a transmitter and a 
receiver. The transmitter and the receiver positioned at a single 

20 location typically comprise a unit referred to as a radio transceiver, 
or more simply, a transceiver. 

A cellular communication system is one type of two-way radio 
communication system in which communication is permitted with a 
radio transceiver positioned at any location within a geographic area 

25 encompassed by the cellular communication system. 

A cellular communication system is created by positioning a 
plurality of fixed-site radio transceivers, referred to as base stations 
or base sites, at spaced-apart locations throughout a geographic area. 
The base stations are connected to a conventional, wireline telephonic 

30 network. Associated with each base station of the plurality of base 
stations is a portion of the geographic area encompassed by the 
cellular communication system. Such portions are referred to as 
cells. Each of the plurality of cells is defined by one of the base 
stations of the plurality of base stations, and the plurality of cells 
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together define the coverage area of the cellular communication 
system. 

A radio transceiver, referred to in a cellular communication 
system as a cellular radiotelephone or, more simply, a cellular 
5 phone, positioned at any location within the coverage area of the 

cellular communication system, is able to communicate with a user 
of the conventional, wireline, telephonic network by way of a base 
station. Modulated carrier signals generated by the radiotelephone 
are transmitted to a base station, and modulated carrier signals 

1 0 generated by the base station are transmitted to the radiotelephone, 
thereby to effectuate two-way communication therebetween. (A 
signal received by a base station is then transmitted to a desired 
location of a conventional, wireline network by conventional 
telephony techniques. And, signals generated at a location of the 

1 5 wireline network are transmitted to a base station by conventional 
telephony techniques, thereafter to be transmitted to the 
radiotelephone by the base station.) 

Increased usage of cellular communication systems has 
resulted, in some instances, in the full utilization of every available 

20 transmission channel of the frequency band allocated for cellular 

radiotelephone communication. As a result, various ideas have been 
proposed to utilize more efficiently the frequency band allocated for 
radiotelephone communications. By more efficiently utilizing the 
frequency band allocated for radiotelephone communications, the 

25 transmission capacity of an existing, cellular communication system 
may be increased. 

The transmission capacity of the cellular communication 
system may be increased by minimizing the modulation spectrum of 
the modulated signal transmitted by a transmitter to permit thereby 

30 a greater number of modulated signals to be transmitted 

simultaneously. Additionally, by minimizing the amount of time 
required to transmit a modulated signal, a greater number of 
modulated signals may be sequentially transmitted. 

By converting a communication signal into digital form prior 

35 to transmission thereof, the resultant modulated signal is typically of 
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a smaller modulation spectrum than a corresponding modulated 
signal comprised of a communication signal that has not been 
converted into discrete form. Additionally, when the communication 
signal is converted into digital form prior to modulation thereof, the 
5 resultant, modulated signal may be transmitted in short bursts, and 
more than one modulated signal may be transmitted sequentially 
upon a single, conventionally-defined, frequency channel. (As more 
than one modulated signal may be transmitted upon a single, 
conventionally-defined, frequency channel, the term frequency 

1 0 channel is sometimes referred to as the portion of the conventionally- 
defined frequency channel during which a particular transmitter 
transmits a modulated signal to a particular receiver. Hence, in a 
communication scheme in which modulated signals are transmitted 
in discrete bursts, two or more frequency channels may be defined 

15 upon a single, conventionally-defined, frequency channel.) 

As a single frequency channel is utilized to transmit two or 
more separate signals during nonoverlapping time periods, a 
method of signal transmission is referred to as a time division 
method. A communication system incorporating such a time 

20 division method of signal transmission includes a Time Division 
Multiple Access communication system or, more simply, a TDMA 
communication system. 

A TDMA communication system includes a transmitter 
operative to transmit signals to a receiver in intermittent bursts 

25 during intermittent time periods. Such signal transmitted to a 
particular receiver operative in a TDMA communication system 
shall hereinafter, at times, be referred to as a TDMA signal. 

A TDMA communication system is advantageously utilized as 
a cellular communication system as, during time periods in which a 

30 base station does not transmit a TDMA signal to a particular 
radiotelephone, other TDMA signals may be transmitted. In 
particular, the radiotelephone to which the base station transmits a 
TDMA signal may, in turn, transmit a TDMA signal to the base 
station, thereby permitting two-way communication between the base 

35 station and the radiotelephone upon a single, conventionally-defined 
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' frequency channel as signals transmitted to the radiotelephone by the 
base station, and by the radiotelephone to the base station may be 
timed to occur during alternate time periods. 

As the transmitter and receiver circuitry portions of the 
5 radiotelephone operative in such a TDMA communication system are 
required to be operable only during alternate time periods, certain 
circuitry portions of radiotelephones operable in conventional, 
cellular communication systems are not required. For instance, 
duplexer filters positioned to connect both the transmitter circuitry 

1 0 portion and the receiver circuitry portion of the conventional, cellular 
radiotelephone and the radiotelephone antenna theretogether, are not 
required to form portions of radiotelephones operable in a TDMA 
communication system as the receiver and transmitter circuitry 
portions of such radiotelephone need not be operable simultaneously. 

1 5 Rather, switch circuitry may be utilized alternately to connect the 
receiver circuitry portion with the radiotelephone antenna or the 
transmitter circuitry portion with the radiotelephone antenna. 

Radiotelephones constructed to be operable in either a 
conventional, cellular communication system or in a TDMA 

20 communication system each contain filters for removing undesired 
signals, both those generated during generation of modulated signals 
by transmitter circuitry of the radiotelephones and also for removing 
undesired signal portions of signals received by the radiotelephones. 
More particularly, the radiotelephones include both transmit and 

25 receive filters. 

A transmit filter is utilized to remove harmonic signals and 
other undesired signals formed during generation of the transmit 
signal by transmitter circuitry of the radiotelephone. (For instance, 
during mixing processes in which the information signal is 

30 impressed upon a carrier signal, undesired harmonic signals are 
also generated. Such undesired signals, are filtered by the transmit 
filter prior to transmission of a modulated signal by the transmitter.) 

A receive filter is utilized as a broadband filter for filtering 
signals received by the transceiver which are of frequencies beyond a 

35 frequency bandwidth of interest. (For instance, if a signal 
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transmitted to the radiotelephone is transmitted upon a frequency 
channel of a frequency bandwidth of a range of frequencies 
encompassed by a frequency band allocated for radiotelephone 
communications, the receive filter is of a frequency passband which 
5 passes signals of frequencies within the frequency band allocated for 
the radiotelephone communications, but which rejects signals which 
are of frequencies beyond the frequency band allocated for 
radiotelephone communications.) 

Radio transceivers operable in conventional, cellular 

1 0 communication systems are operable simultaneously to receive and 
to transmit modulated signals. Hence, both the transmitter and the 
receiver circuitry of such radiotelephones must be simultaneously 
operable. In such radiotelephones, duplexer filters, briefly noted 
hereinabove, are oftentimes utilized as the transmit and receive 

1 5 filters. Typically, a duplexer filter is formed of a block of ceramic 

material, cavities forming inner conductors of transmission lines are 
formed to extend through the ceramic block, and a coating of 
electrically-conductive material is formed upon at least portions of the 
ceramic block. A first portion of the duplexer filter forms the 

20 transmit filter and a second portion of the duplexer filter forms the 
receive filter. Because only a single ceramic block contains both the 
transmit and the receive filters, the physical dimensional 
requirements of a duplexer filter are somewhat less than the physical 
dimensional requirements of separate transmit and receiver filters. 

25 However, when the transceiver is operable in a TDMA 

communication scheme wherein the transmitter and the receiver 
circuitry need not be simultaneously operable, the transmit and 
receive filters similarly need not be simultaneously operable. 
Heretofore, though, a single filter serving both as a transmit filter 

30 and as a receive filter has not been utilized as the filter 

characteristics required of the transmit and the receive filters are 
oftentimes dissimilar. That is to say, a single, conventional, ceramic 
block filter constructed to form a bandpass filter has fixed filter 
characteristics (i.e., the frequency of a particular filter is unalterable 

35 and the filter cannot be tuned). Hence, a single, ceramic block filter 
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having a fixed, frequency passband and center frequency cannot be 
utilized to form both the transmit and receive filters of a 
radiotelephone operable in a TDMA communication scheme. 

A filter circuit having frequency characteristics which may be 
5 varied would permit a single filter circuit to be utilized as both a 
receive filter and a transmit filter. 

What is needed, therefore, is a filter circuit which is tunable to 
permit, thereby, operation of the filter circuit as both a receive filter 
and a transmit filter in a radiotelephone. 

10 

Summary of the Invention 

The present invention, accordingly, advantageously provides a 
tunable filter circuit and associated method therefor. 

1 5 The present invention further advantageously provides a 

tunable filter circuit for a radio transceiver having radio circuitry 
operable alternately to generate a transmit signal or to receive a 
receive signal. 

The present invention includes further advantages and 

20 features, the details of which will become more readily apparent by 
reading the detailed description of the preferred embodiments 
hereinbelow. 

In accordance with the present invention, therefore, a tunable 
filter circuit is disclosed. The tunable filter circuit includes a 

25 dielectric block defining top, bottom, and at least first and second side 
surfaces. At least one longitudinally-extending resonator defined by 
sidewalls of at least one cavity is formed to extend longitudinally 
along a longitudinal axis between the top and bottom surfaces of the 
dielectric block. A coating of an electrically-conductive material 

30 substantially covers at least a portion of the bottom and the at least 

first and second side surfaces and the sidewalls of the cavity defining 
the at least one longitudinally-extending resonator. At least one 
variable capacitor is coupled in an electrical connection with thje at 
least one resonator wherein the variable capacitor is variable to be of 

35 at least either a first capacitive value and a second capacitive value. 
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Brief Description of the Drawings 

The present invention will be better understood when read in 
5 light of the accompanying drawings in which: 

FIG 1. is a block diagram of a radio transceiver including the 
tunable filter circuit of a preferred embodiment of the present 
invention; 

FIG. 2 is a partial plan view, partial electrical schematic of a 
1 0 portion of the tunable filter circuit of a preferred embodiment of the 
present invention; 

FIG. 3 is an electrical schematic representation of the portion 
of the tunable filter circuit shown in FIG. 2; 

FIG. 4 is an electrical schematic of a tunable filter circuit of a 
1 5 preferred embodiment of the present invention; 

FIG. 5 is a perspective view of the tunable filter shown in the 
electrical schematic of FIG. 4, here mounted upon an electrical 
circuit board; and 

FIG. 6 is a logical flow diagram listing the method steps of the 
20 method of a preferred embodiment of the present invention. 

Descriptipn of the Preferred EmbQ^im^ts 

25 Turning first to the block diagram of FIG. 1, a radio 

transceiver, referred to generally by reference numeral 100, of a 
preferred embodiment of the present invention is shown. Radio 
transceiver 100 is representative of a cellular radiotelephone operable 
in a TDMA communication scheme. Radio transceiver 100 includes 

30 transmitter circuitry 106 which is operative to generate and modulate 
a signal forming the transmit signal which may be transmitted by 
transceiver 100. Radio transceiver 100 further includes receiver 
.circuitry 112 to down-convert and to demodulate a modulated signal 
transmitted to the transceiver 100, i.e., the receive signal. 
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As mentioned hereinabove, because a radio transceiver 
operable in a TDMA communication scheme is operable to transmit , 
and to receive modulated signals during dissimilar time periods, 
transmitter and receiver circuitry 106 and 112 need not be 
5 simultaneously operable to transmit and to receive, respectively, the 
modulated signals. Rather, transmitter and receiver circuitry 106 
and 112 need only be operable to transmit and to receive the 
modulated signals during time periods in which signals are to be 
transmitted by, or to be received by, transceiver 100. 

1 0 Accordingly, lines extending from both transmitter and 

receiver circuitry 106 and 112 are coupled to switch circuit 118. Line 
124 extending from switch circuit 118 is coupled alternately to 
transmitter circuitry 106 or receiver circuitry 112 depending upon the 
positioning of switch circuit 118. 

1 5 During time periods in which transceiver 100 is to be operative 

to transmit a transmit signal, switch circuit 118 is positioned to 
connect transmitter circuitry 106 with line 124. And, during time 
periods in which transceiver 100 is to receive a modulated signal 
transmitted thereto, switch circuit 118 is positioned to connect line 124 

20 with receiver circuitry 112. 

Positioning of switch circuit 118 is determined by a signal 
supplied to switch circuit 118 on line 130. The signal applied to switch 
circuit 118 on line 130 may, for example, be supplied by processor 
circuitry (not shown in the figure) of the transceiver. 

25 Line 124 of switch circuit 118 is coupled to an input of tunable 

filter circuit 140. Tunable filter circuit 140, as shall be noted in 
greater detail hereinbelow, includes, as a portion thereof, a ceramic 
block filter and also variable capacitors. The variable capacitors and 
the ceramic block filter together form a filter circuit having a filter 

30 characteristic. Because the capacitive values of the variable 

capacitors may be varied, the filter characteristics of the filter circuit 
may also be varied. That is to say, the filter circuit may be tuned. 
Lines 146 extending to filter circuit 140 permit control signals to be 
applied to the variable capacitors of filter circuit 140 to control 

35 selection of the capacitive values of the variable capacitors and, 
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hence, to control selection of the filter characteristics of the filter 
circuit. 

In one preferred embodiment of the present invention, the 
control signals applied to filter 140 on line 146 are of either of two 
5 values, thereby to cause the capacitive values of the variable 
capacitors to be of either of two values. Thereby, the filter 
characteristics of filter 140 are selectable to be of two different sets of 
characteristics. In other preferred embodiments of the present 
invention, the control signals applied to filter 140 on line 146 are of 

1 0 any of many various levels, thereby permitting the filter 

characteristics of tunable filter 140 to be of any of many various 
characteristics. 

When switch circuit 118 is positioned to connect transmitter 
circuitry 106 with line 124, filter circuit 140 is operative to filter the 

1 5 signal generated by transmitter circuitry 106 and to generate a 

filtered signal on line 148. Line 148, in turn, is coupled to transceiver 
antenna 149 whereat the filtered signal generated by filter circuit 140 
is transmitted therefrom. When, conversely, switch circuit 118 is 
positioned to interconnect output line 124 and receiver circuitry 112, a 

20 signal received by transceiver antenna 149 and generated on line 148 
is filtered by filter circuit 140, and a filtered signal is generated on 
line 124 and supplied to receiver circuitry 112. 

Because the filter characteristics, namely the filter passband 
and center frequency of filter circuit 140 may be varied by appropriate 

25 application of control signals thereto on line 146, only a single filter, 
here filter circuit 140, is required in substitution for separate receive 
and transmit filters (or, a duplexer filter having two filter portions). 

Turning next to the partial plan view, partial electrical circuit 
schematic of FIG. 2, a portion of a tunable filter circuit, here referred 

30 to generally by reference numeral 240, is shown. Tunable filter 

circuit 240 of FIG. 2 corresponds to filter circuit 140 of transceiver 100 
of FIG. 1. In the plan view of FIG. 2, a portion of top surface 250 of a 
block of ceramic (or other dielectric) material is illustrated. Top 
surface 250 of the ceramic block comprising a portion of filter circuit 

35 240 is generally planar in configuration. 
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Aperture 252 formed of a top end portion of a cavity forming a 
transmission line which extends longitudinally through the ceramic 
block is formed at top surface 250. A coating 256 of electrically- 
conductive material is formed about aperture 252. (Electrically- 
5 conductive material is also formed upon sidewalls of the cavity 
extending through the ceramic block and which defines the 
transmission line.) Other coatings, here represented by rectangular 
areas 258 and 260 of electrically-conductive material, are also coated 
upon top surface 250 of the ceramic block forming a portion of filter 

1 0 circuit 240. The coatings of the electrically-conductive material 

represented by rectangular areas 258 and 260 are electrically coupled 
to additional coatings of the electrically-conductive material coated 
upon adjacent side surfaces (not shown in the plan view of FIG. 2) of 
the ceramic block. And such coatings represented by rectangular 

1 5 areas 258 and 260 and also the coatings formed upon the adjacent side 
surfaces are coupled to an electrical ground plane. 

The coatings of the electrically-conductive material represented 
by rectangular areas 258 and 260 are isolated from coating 256 formed 
about aperture 252. (It should further be noted that coating 256 and 

20 rectangular areas 258 and 260 representative of coatings are shown 
for purposes of explanation and that, in most instances, the 
configurations of the coated portions of top surface 250 are of more 
complex configurations.) Because coating 256 is isolated and spaced- 
apart from rectangular area 258, the spaced-apart coatings form 

25 capacitive plates which are capacitively coupled theretogether. 

Rectangular area 261 is further shown in the figure and is 
representative of a coating of electrically-conductive material 
positioned between coating 256 and rectangular area 260. The coating 
represented by rectangular area 261 is electrically-isolated from both 

30 coating 256 and the coating represented by rectangular area 260. 

Capacitor 263 is representative of the capacitive loading between the 
coating represented by rectangular area 261 and the coating 
represented by rectangular area 260. 

The capacitive values of capacitors 262 and 263 are fixed (i.e., 

35 unalterable) and are dependent upon the surface areas of the coatings 
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and the distances apart which such coatings are spaced. In one 
embodiment of the present invention, a discrete capacitor is 
additionally positioned between areas 260 and 261, and, in such an 
embodiment, capacitor 262 is also representative of such discrete 
5 capacitor. 

Variable capacitor 264, such as a varactor (e.g., a voltage 
variable capacitor, WC) is mounted upon top surface 250 and is 
represented in the figure in a series connection with capacitor 263. A 
first side of variable capacitor 264 is coupled to coating 256 formed 

1 0 about aperture 252, and a second side of variable capacitor 264 is 

spaced-apart from coating 256 in a capacitive connection therewith. 
Hence, the second side of variable capacitor 264 is illustrated in 
electrical connection with capacitor 263 representative of the 
capacitive loading between coating 256 and rectangular area 260. 

15 In one preferred embodiment of the present invention, 

capacitor 264 is mounted upon top surface 250 and coupled to coating 
256 and rectangular area 260 by a solder connection; in another 
preferred embodiment of the present invention, capacitor 264 is 
formed of metal oxide semiconductor materials which are grown 

20 upon top surface 250 by conventional techniques. Line 266 which 
extends to capacitor 264 is further shown in the figure. Line 266 
permits application of a control signal to capacitor 264, and here a 
voltage signal, to control the capacitive level of variable capacitor 264. 
FIG. 3 is an electrical schematic representation of the portion 

25 of tunable filter circuit 240 shown in the partial plan view, partial 
electrical schematic of FIG. 2. Reference numerals utilized to 
identify component elements of filter circuit 240 of FIG.2 are again 
utilized in the electrical schematic representation of FIG. 3. A 
transmission line, here represented by reference numeral 252' to 

30 correspond to aperture 252 of FIG. 2 formed of the top end of the 
cavity, comprising the transmission line, extending through the 
ceramic block is shown in the figure. Capacitors 262, 263, and 264 are 
together representative of capacitive loadings of transmission line 
252' to ground. Capacitors 262, 263, and 264 together function to 

35 foreshorten the resonator which forms transmission line 252'. 
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The capacitance of an equivalent circuit of capacitors 262, 263, 
and 264 for any particular capacitive level of capacitor 264 may, of 
course, be readily ascertained. By varying the capacitive level of 
variable capacitor 264, the equivalent capacitance of capacitors 262, 
5 263, and 264 may be altered. Accordingly, by appropriate selection of 
the capacitive value of capacitor 264, the equivalent capacitance of the 
equivalent circuit may be selected as desired. 

Turning next to the electrical schematic of FIG. 4, a tunable 
filter circuit, here referred to generally by reference numeral 340, is 

1 0 shown. Filter 340 is a multi-pole, tunable filter having filter 

characteristics (namely, a filter passband and center frequency) 
which are dependent upon the component values of the component 
elements comprising the filter. Analogous to filter 240 of FIGS. 2 and 
3, filter 340 also includes a resonating cavity comprising a 

1 5 transmission line formed to extend through a block of ceramic 

material. As filter 340 is a multi-pole filter, a plurality of resonating 
cavities forming a plurality of transmission lines are formed to 
extend through the block of ceramic material. Hence, the electrical 
circuit schematic of the portion of tunable filter 240 of FIGS. 2 and 3 

20 corresponds to a single one of the various resonating cavities 
comprising multi-pole, tunable filter 340. 

Accordingly, the electrical circuit schematic of FIG. 4 
represents four resonating cavities comprising four transmission 
lines formed to extend through a block of ceramic material. First 

25 transmission line 352 1 of filter 340 is positioned in parallel with a 

capacitive circuit formed of capacitors 362, 363, and 364. Capacitors 
362, 363, and 364, analogous to capacitors 262, 263, and 264 of FIGs. 2 
and 3, together capacitively load transmission line 352' to ground. 
First transmission line 352' is inductively coupled, as 

30 represented by transmission line 368, with a second transmission 
line 372'. 

Second transmission line 372' of filter 340 is positioned in 
parallel with a capacitive circuit formed of capacitors 382, 383, and 
384. Capacitors 382, 383, and 384 are also analogous to capacitors 262, 



WO 94/27376 



PCT/US94/04363 



-14- 

263, and 264 of FIGs. 2 and 3, and also together capacitively load 
transmission line 372' to ground. 

Transmission line 372' is, in turn, inductively coupled, as 
represented by transmission line 388, to third transmission line 392\ 
5 Third transmission line 392' of filter 340 is positioned in 

parallel with a capacitive circuit formed of capacitors 402, 403, and 
404 which, further analogous to capacitors 262, 263, and 264 of FIGs. 2 
and 3, together capacitively load transmission line 392' to ground. 
Transmission line 392' is inductively coupled, as represented 

1 0 by transmission line 408, to fourth transmission line 412'. 

Fourth transmission line 412' of filter 340 is positioned in 
parallel with a capacitive circuit formed of capacitors 422, 423, and 
424 which, also analogous to capacitors 262, 263, and 264 of FIGs. 2 
and 3, together capacitively load transmission line 412' to ground. 

1 5 Filter circuit 340 of FIG. 4 further illustrates capacitor pairs 

426-430 and 434-438 which form an input/output coupling network at 
opposing sides of the circuit. 

Because the capacitive values of variable capacitors 364, 384, 
404, and 424 may be varied, the filter characteristics of filter circuit 

20 340 may be varied responsive to variance of the capacitive values of the 
variable capacitors. Hence, by suitable selection of the capacitive 
values of the various, variable capacitors, the filter characteristics of 
filter 340 may be selected, as desired. 

Block 440, representative of a control voltage generator is 

25 further illustrated in FIG. 4. Control voltage generator 440 is 

operative to apply control signals to the variable capacitors 364, 384, 
404, and 424. In one preferred embodiment of the present invention, 
the control signals generated by control voltage 440 are of two separate 
values to cause the variable capacitors alternately to be of a first 

30 capacitive value or a second capacitive value. In another preferred 
embodiment of the present invention, control voltage 440 generates 
control signals to the variable capacitors to permit incremental 
changes in the capacitive values of the respective, variable capacitors. 
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Turning next to FIG. 5, filter circuit 340 shown in the electrical 
schematic representation of FIG. 4 is shown in perspective, here 
mounted upon electrical circuit board 444. 

The ceramic block forming a portion of filter circuit 340 
5 illustrates, in the view of FIG. 5, top face surface 450 and side 

surfaces 454 and 458. (Additional side surfaces of the ceramic block 
are hidden from view in the figure.) Openings defined by 
transmission lines 352', 372', 392', and 412' are formed at top surface 
450. Variable capacitors, here varactors or voltage variable 

1 0 capacitors, 364, 384, 404, and 424 are also formed upon top surface 
450. The variable capacitors 364, 384, 404, and 424 are positioned in 
manners analogous to the positioning of variable capacitor 264 of 
filter circuit 240 of FIGS. 2 and 3. Additionally formed on top surface 
450 are couplers 466 and 472. Couplers 466 and 472 correspond to 

1 5 coupling ports formed at opposing ends of filter circuit 340 shown in 
the electrical schematic representation of FIG. 4. 

The ceramic block comprising a portion of filter circuit 340 is 
mounted upon circuit board 444 in conventional manner to connect 
couplers 466 and 472 to circuit paths disposed upon circuit board 444. 

20 In a similar manner, circuit paths may be formed to extend to 

variable capacitors 364, 384, 404, and 424 to apply control signals to 
control the capacitive values of such variable capacitors. 

As mentioned previously, particularly with respect to the block 
diagram of FIG. 1, the tunable filter circuits of the preferred 

25 embodiments of the present invention may be advantageously utilized 
to form a portion of a cellular radiotelephone operative in a TDMA 
communication scheme. In such an application, the center 
frequency of the filter circuit must be of a first center frequency (and 
of a first bandwidth) when the radiotelephone is operative to receive 

30 modulated signals and must be of a second center frequency (and of a 
second bandwidth) when the radiotelephone is operative to transmit 
modulated signals. For instance, when transmitting modulated 
signals, the filter must be of a center frequency of , for example, 897.5 
MHz, and when the radiotelephone is operative to receive modulated 

35 signals, the center frequency of the filter must be of a frequency of 



WO 94/27376 



PCT/US94/04363 



-16- 

942.5 MHz. As frequency is inversely related to the square root of 
capacitance, a capacitive ratio, CR, is determined by the following 
equation: 

5 CR = Cmax/Cmin = (Fmi n ) 2 /(F mSiX ) 2 



wherein: 

Cmax= the equivalent capacitance for the first, maximum 
center frequency; 

1 0 Cmin is the equivalent capacitance required of the second, 

minimum center frequency; 

F max is the first , maximum center frequency; and 
Fmin is the second, minimum center frequency. 
In the example just-shown, the capacitive ratio is 1.103 (i.e., 
1 5 (942.5/897.5) 2 = 1.103). Hence, if the equivalent capacitance required of 
the filter circuit when the center frequency is to be 942 MHz is 2 pF, 
the equivalent capacitance required of the filter circuit when the 
center frequency is to be of 897 MHz is of a value of 2.206 pF. Control 
signals applied to the various variable capacitors of the tunable filter 
20 must permit such equivalent capacitances to be formed. 

Finally turning now to the logical flow diagram of FIG. 6, the 
method steps of the method, referred to generally by reference 
numeral 800, of a preferred embodiment of the present invention are 
listed. Method 600 constructs a filter of a block of dielectric material 
25 defining top, bottom, and at least first and second side surfaces. 

First, and as indicated by block 806, at least one longitudinally- 
extending resonator is formed between the top and bottom surfaces of 
the dielectric block. 

Next, and as indicated by block 812, at least a portion of the 
30 bottom and first and second side surfaces of the dielectric block are 
covered with a coating of an electrically-conductive material. 

And, as indicated by block 818, at least one variable capacitor is 
coupled in an electrical connection with the at least one resonator 
wherein the variable capacitor is variable to be of at least either a first 
35 capacitive value or a second capacitive value. 
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While the present invention has been described in 
connection with the preferred embodiments shown in the various 
figures, it is to be understood that other similar embodiments may be 
used and modifications and additions may be made to the described 
5 embodiments for performing the same function of the present 
invention without deviating therefrom. Therefore, the present 
invention should not be limited to any single embodiment, but rather 
construed in breadth and scope in accordance with the recitation of 
the appended claims. 
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Claims 

What is claimed is: 



5 1. A tunable filter circuit comprising: 

a dielectric block defining top, bottom, and at least first 
and second side surfaces; 

10 at least one longitudinally-extending resonator defined 

by sidewalls of at least one cavity formed to extend longitudinally 
along a longitudinal axis thereof between the top and bottom surfaces 
of the dielectric block; 

1 5 a coating of an electrically-conductive material 

substantially covering at least a portion of the bottom and the at least 
first and second side surfaces and the sidewalls of the cavity defining 
the at least one longitudinally-extending resonator; and 

20 at least one variable capacitor coupled in an electrical 

connection with the at least one resonator, said variable capacitor of a 
capacitance of at least either a first capacitive value or a second 
capacitive value. 

25 2. The tunable filter circuit of claim 1 wherein the at 

least one variable capacitor is mounted upon the top surface of the 
dielectric block. 

3. The tunable filter circuit of claim 1 wherein said 
30 coating of the electrically-conductive material is further coated upon 
portions of the top surface of the dielectric block about an opening 
defined by a top end portion of the at least one longitudinally- 
extending resonator, said coating of the electrically-conductive 
material formed about the opening defined by the top end portion of 
35 the at least one resonator being electrically coupled to the coating of 
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the electrically-conductive material coated upon the sidewalls of the 
cavity defining the at least one resonator. 

4. The tunable filter circuit of claim 3 wherein said 

5 coating of the electrically-conductive material is further coated upon 
portions of the top surface of the dielectric block and spaced-apart 
from the coating of the electrically-conductive material positioned 
about the opening defined by the top end portion of the at least one 
longitudinally-extending resonator. 

10 

5. The tunable filter circuit of claim 4 wherein a first 
side portion of the at least one variable capacitor is mounted upon the 
coating of the electrically-conductive material formed about the 
opening defined by the top end portion of the at least one resonator. 

15 

6. The tunable filter circuit of claim 1 further 
comprising a control signal generator for generating a control signal 
to control selection of the capacitive values of the variable capacitor 
and wherein said control signal generator comprises a voltage source 

20 operable to generate a voltage signal of at least either a first level or a 
second level. 

7. The tunable filter circuit of claim 1 wherein said at 
least one longitudinally-extending resonator comprises at least two 

25 longitudinally-extending resonators formed to extend along 

respective longitudinal axes thereof between the top and bottom 
surfaces of the dielectric block. 

8. The tunable filter circuit of claim 7 wherein said at 
30 least one variable capacitor comprises at least two variable capacitors 

wherein a first variable capacitor of the at least two variable 
capacitors is coupled in an electrical connection with a first resonator 
of the at least two resonators and a second variable capacitor of the at 
least two variable capacitors is coupled in an electrical connection 
35 with a second resonator of the at least two resonators. 
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9. The tunable filter circuit of claim 8 further 
comprising a control signal generator for generating a control signal 
to control selection of the capacitive values of the first and second 
variable capacitors. 

10. A method for constructing a filter of a block of 
dielectric material defining top, bottom, and at least first and second 
side surfaces, said method comprising the steps of: 

forming at least one longitudinally-extending resonator 
defined by sidewalls of at least one cavity to extend longitudinally 
along a longitudinal axis thereof between the top and bottom surfaces 
of the dielectric block; 

covering at least a portion of the bottom and the at least 
first and second side surfaces of the dielectric block and the sidewalls 
of the cavity defining the at least one longitudinally-extending 
resonator with a coating of an electrically-conductive material; and 

coupling at least one variable capacitor in an electrical 
connection with the at least one resonator wherein the variable 
capacitor is variable to be of at least either a first capacitive value or a 
second capacitive value. 



25 
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800 



FORM AT LEAST ONE LONGITUDINALLY EXTENDING 
RESONATOR BETWEEN THE TOP AND BOTTOM 
SURFACES OF THE DIELECTRIC BLOCK 
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I 



COVER AT LEAST A PORTION OF THE BOTTOM 
AND THE FIRST AND SECOND SIDE SURFACES 
OF THE DIELECTRIC BLOCK WITH A COATING 
OF AN ELECTRICALLY CONDUCTIVE MATERIAL. 
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COUPLE AT LEAST ONE VARIABLE 
CAPACITOR IN AN ELECTRICAL CONNECTION 
WITH THE AT LEAST ONE RESONATOR. 
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